Development of the embryonic head is determined by the activity of gene regulatory networks (GRN) driven by transcription factors such as LHX1 and OTX2. Analysis of genetic mutants has revealed that loss of Lhx1 function at sequential steps of embryonic head formation leads to the truncation of head structures. We have implemented Lhx1-expressing embryonic stem cells (ESCs) to generate embryos for the identification of the in vivo ensemble of LHX1 downstream target genes. We have generated embryos from ESCs harbouring a conditional Lhx1 transgene and have confirmed inducible activation of Lhx1 in the embryos that are rendered amenable for RNA-seq and ChIP-seq analyses. Meta-analysis of gene expression profiles of differentiating Lhx1-expressing ESCs and the anterior germ layers of mouse gastrula-staged embryos, and ChIPseq data on the transcriptional targets of the LHX1 orthologue in Xenopus embryos has revealed a Head GRN, consisting of 92 genes as putative targets of LHX1 in the mouse. Among the putative targets, the functional attribute of nine that have no known phenotype are being studied by analysis of the chimeras derived from genome-edited ESCs. Preliminary findings of these studies will be presented. The development of vertebrate organs is a complex process which involves interaction between multiple signaling pathways at the molecular level, as well as interactions at the cell and tissue level. Heart development is an example of such complex process which, when disrupted, results in congenital heart defect. Molecular pathways regulating heart development have been identified. However, despite these advances, there is still a lack of understanding of their downstream regulatory networks and how they interact. In addition, genetic factors are further regulated by epigenetic mechanisms, adding a layer of complexity. This necessitates a holistic approach which allows the visualization of genome-wide interaction networks. Here we use a combination of RNA-seq and ATAC-seq method to profile the transcriptome and genome-wide chromatin state in zebrafish cardiomyocytes from several developmental stages in order to study the dynamics of gene regulatory network driving heart development. In addition, we performed a parallel analysis on several zebrafish mutants of heart transcription factors in order to gain insight into the contributions of these transcription factors into genetic and epigenetic regulation of heart development. Our analysis identified clusters of genes with distinct expression patterns and revealed the correlation between the dynamics of gene expression and changes in chromatin state during key stages of heart development. I will present our ongoing work on the analysis of these datasets and discuss potential insights it will contribute to understanding heart development and congenital heart diseases. doi:10.1016/j.mod.2017.04.402
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